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ABSTRACT

Four expenments were conducted to assess the relat1onsh1ps between
judgments of the perceived texture of foodsby trained and consumesz
panelists. In' Experiment 1, no differences were observed between
trained texture profile panelists and naive consumers'in a similarities
scaling task, In Experiments 2 and 3, good linear correlations were
observed between scalar judgments of texture, although a broader
perceptual range. was evidenced for izained panelists. In Experiment
4, psychophysical exponents of texture were found to be larges for
tramed than for consumer panelists, and judgments of acceptability
also differed between the two.groups. It was concluded that, through
experience, trained ~texture profilé -panelists develop a :broader
perceptual range of textures, but that regression equations can be
developed to relate these data to consumer data.

1NTRODUCT!ON

SUCCESSFUL PRODUCT DEVELOPMENT in the food
industry is dependent upon the proficiency of the organi-
zation’s sensory evaluation group. The decisions made by
this group are, in turn, dependent upon both the propitious
selection of sensory panels for testing and the proficiency
of these panels, The panels may be either affective (prefer-
ence or acceptance} or analytlcal (discriminative or descrip-
tive). :
~The two: major factors that distinguish most Sensory
panels are the nature of the tasks that they perform and the
nature and degree of training that they have received.
Affective panels normally consist of naive and untrained
consumers of the product, who evaluate the product for ifs
hedonic qualities or its acceptability. Analytical panels, on
the other hand, consist of “experienced,” “‘trained” or
“gxpert” panelists, who evaluate a product for some more
specific aspects of its taste, odoz, texture, eic,

Although the decision to use one type of panel versus
another is determined by the nature of the question to be
answered and the sensory/psychophysical method to be
used, on occasion, the availability of a panel will become
an important factor. For example, since the cost and
personnel requirements. to establish a wide variety of test
panels is often prohibitive, especially for smaller laboratories,
the situation may arise wherein a test requires a particular
type of panel that is not available at the'testing facility. In
most cases this situation is correctly resolved by contracting

-the test to another laboratory. Unfortunately, under some
circumstances, the panel(s) that is (arc) available will be
used to address the problem. When this happens, some
training or re-orientation is usually undertaken to prepare
‘the panel for the new task, However, the degree to which
this training produces a panel that is truly adequate to the
task is rarely examined.

Authors Cardeilo, Maller, Kapsalis, and Segars are affiliated with the
U.5. Army Natick Research & Development Laboratones MNatick,
01760, Author Sawyer is with the Dept. of Food Science & Nutri-
tion, Univ. of Massachusetts, Amherst, MA. Author Murphy is with
the Monell Chemical Senses Center, Univ. of Pennsylvania, Phila-
delphia, PA. Author Moskowitz is with Deveiopmetrrcs The Weston
Group, Inc. Westport, CT. P . .

1186—JOURNAL OF FOOD SCIENCE—Volume 47 (1982)

e

- Whilé -several reporis have discussed-technigues for the
screening,- selection and - training of -members- for various
types. of test panels, e.g,, Martin (1973), Bressan and
Behling (1977), Cross et al (1978), Sawyer et al. (1962),
Kirkpatrick et al. (1957), Swartz and Furia (1977), Zook
and Wessman (1977), Girardot:et:al- (1952}, Wittes and
Turk (1968), Scholosberg et al. (1954) Civille and Szczesniak
(1973), Hall et al. (1959); Gruber and Lindberg (1966),
Stone et al. (1974), and Caul (1957), relatively fewer
attempis have. been made to quantitatively. compare re-
sponses made by one type of panel to those made by
another type of panel, The most significant of the early
studies in this area were those conducted by Miller ef al.
{1955), Kiehl and Rhodes (1956), Simone et al. (1956),
Peryam and Haynes (1957}, Calvin and Sather (1939),
Ellis (1963), and Pangborn and Dunkley (1964), in which
it was generally. found that laboratory comsumer panel
judgments of acceptability. did. not correspond well with
consumer ratmgs of accepiability in the field. It was con-
cluded that laboratory . consumer panel judgments of
acceptability agree in directlon but not in magnitude, with
field consumer panel ratings. More recently, Kluter (1974)
has reported on a study by N1chols etal. (1972) that showed
rank-order correlations ranging from —0.8 to +1.0 between
laboratory and field panel ratings of acceptability, depending
upon the food product. Only the recent study by Moskowitz,
et al. (19794} has. exammed the relationship betweéen judg-
‘ments of specific sensory atttibuites by 4 laboratory con-
sumer panel and by a trained analytical panel. in thatstudy,
data.on certain relationships between consumer and trained
texture profile panel. judgments for rye.breads were. pre-
sented. :

Knowledge of the relatlonship between consumier pancl
judgments and trained or expert panel judgments is impor-
tant for several reasons. First is the fact that trained and
expert panels are expenswe to establish and maintain,
while consumer panels tequire little formal training and
members need not have Thighly specialized abilities. If
reliable and predictive relationships can :be established
between 3udgments (either.affective or analytical) made by
these two types of panels, then: consumer panels could be
interchanged, under .suitable conditions, with. trained or
expert panels; in order to achieve the most -cost-effective
use of personnel resources. Secondly; important time can
be saved in the research and development-cycle by em-
ploying a single panel to gererate mulfiple types of sensory
information, thereby eliminating the need to wait for results
of one type.of test before proceeding . with another type.
Thirdly, knowledge of such relaiionships can assist in the
interpretation .of discrepancies that arise between trained
or expert panel data and consumer data, and help limit the
extent - to which -data’ generated by a trained or expert
panel poorly teflect  the sensory experiences of actual
consumers of the product Lastly, from a theoretical per-

_spectwe comparison "of judgments made by untrained

consumer, panels and trained or expert panels would make
it posmb}e to assess the experiential factors that are most
important in determining sensory judgments, so that the
limits of panel interchange can be delineated. :



In the study of the textural attributes of food, two types

of panels are most commonly employed. These are the.

trained profile panel, commonly modeled after the General
Foods Texture Profile Panel (Brandt et al., 1963;Szczesniak

- et al,, 1963) and the consumer panel, used frequently for ..
obtammg hedonic ineasures of fexture for marketmg and

product optimization purposes, and also used for “consumer
texture profiling” (8zczesniak and Skinner, 1973;Szczesniak

et al., 1975). In several.recent studies conducted. in our.

laboratory, both types-of panels have been employed in the
evaluation of food products, wherein both panels were
instructed fo ‘perform, exactly the same sensory/psycho-
physical tasks. These tasks included simple similarity scaling,
in: which only judgments of the similariiy among samples
was reguired, - hedonic “scaling, and scaling of specific
textural attributes; using both category scaling and. magni-
tude estimation: Comparison ‘of the relationships befween
these. consumer and' irained panel-judgments highlight the
effects of training on-the judgméntal process of miaking
textural evaluations and on the feasibility of using consumer
panels . to' generate data normally obtamed from  trained
panels anc! vice versa. : - :

: EXPERIMENT 1

IN VIEW 'OF THE OBVIOUS dlffEIEHCe between trained
and consumer panels in their knowledge of descriptive
sensory terminology, the first study ‘was designed to assess
the relationship between consiimer and trained panel judg-
ments in a2 task thdt does not require such knowledge. For
this purpose, simildrities sé¢dling was chosen; because it is
a simple psychophysical judgniént that can be made without
knowledge of specific termlnology and becausé neither our
laboratory” consumers nof trained panehsts had had prlor
expenenee in makmg thxs type of ]udgment

Method

. Panels The fizst panel was 4 nme-member tramed texture pro-
file panel consisting of employees of the U.§. Army Natick R&D
Laboratories. All members had been trained in the General Foods®
Texture Profile Méthod; and afl had served on the panel for a mini-
mum- of 1 yr.- The. panel training ¢onsisted of 1 wk of intensive
discussion and démonstration of the basic techniques for making
textural evaluations, exposure to each of the six standard scales of
-texture (Szczesniak et al., 1963), exposure to food items representing
each. of the geometrical. charactenst;cs of .texture, construction »f a
series’ of increasingly complex texture profiles for a variety of feod
items, and training in the rendering of operational definitions of
more complex texture attributes. During the time between inifial
training and the conduct of the test described herein, panel Hem-
bers miet on an average of ome — two times per week and were
involved: in the description' and scaling of the textural attributes of
ineats, gelatins; food bars, #nd various other food -products. The
panel had never previcusly evaluated fish products; © -

) The second panel. was an untrained laboratory consumer panel
consisting of 10 volunteer employees. None of these panelists had
ever received training in making textural o: other analytical sensory
judgments, although many had prev;ously participated in consumer
acceptance testing of a “variety of foods in the laboratory. This panel
had also never evaluated fish products, performed a snm!a.ntlcs
scaling task niof used a Hne scaling technique:

Test samples. Six species -of fish: Haddock (Melaiograinmus
aeglefinus), Halibut (Hippoglossus hippoglossus) ,Blacktack Flounder
(Pseudopleuronectes americanus), White Hake (Urophycis renuis),
Mackerel (Scomber scombrus), -and Pollock (Pollachius virens)
were chosen. as test samples, Fish fillets were selected zs the test
product:. because. they kad not been tested previously. by either
panel All samples were pu'rchased freSh locelly, baked in foil tb an
atuse if a steam table for a period not exceedmg 10 min pror to
serving. Sampies were p;esented to subjects in apprex;mately 2-
ounce servings. :

Procedure. The' experiment was conducted in the standard sern-
sory testing booths of the Food Acceptance Laboratory at NLABS.
Panelists were first presented with a sample of each of the six fish

42}
) FLUUNDER _ _
DO S B : - T
= L WHITE HAKE‘, \ p POLLOCK - -
@ gt ) 7
& HALiBUT
= b - .
: .

to acquaint them with the range of samples to be encountered. The
panelists rinsed their mouth with distilled water between samples.
Panelists judged the overall similarity of each fish paired once with
jtself and once with each of the other species, for a total of 21 pairs
of samples. Responses were made by plaemg a slash-mark on a 30

“.cm line. The end” points were igbelled “similar® and “dissimilar.”

Sample pairs were presented in random order to all panelisis.
Data analysis. The lineratings of similarity were transformed to

numerical.. values by measuring the distance from the end-point
_of the. scale to the line marked by the Subje()t These proximity
" measures were then used to generdte 2 “sensory map™ ‘of the fish,

using multidimensional scaling procedures.

The similarity judgments for the consumer and frained panels
were analyzed using- ALSCAL—4 (Young and Lewyckyj, 1979).
ALSCAL—4 is a metric multidimensional scaling program that uses
similarity measures between pairs of stimuli and arranges the stimuli
into a ‘multidimensional - space, in. which the relative distances
between stimulus-points .reflect the relative disimilarities between
judged samples. The. dimensionality of the space is determined by

an iterative. procédure in which the goodness of fit.of any n-dimen-
sxonal space to the data is assessed by a “Stress” value. Usually, as'n
increases, the stress (error) decreases, due: io reduced constraint in
positioning the stimuli; until a nonsignificant decrease in- stress is
achieved. Thé program also’ includes the- capabﬂlty of analyzing
mdmdua.l dl.fferences among subjects

Results

The results of the app11cat10n of ALSCAL 4 to- the
similarities data are. presented in Fig. 1. The best-fitting
solution was found with three dlmensmns and had a calcu-
{ated stress of 9.15.

The. three dimensional solutlon in: Flg 1 is mtuitwely
appealing, because the percepiual-space-is easily . inter-
pretable from data collected-subsequently in our laboratory
on. the sensory properties -of  fish (Kapsahs and Maller,
1981). :

Dimension‘l: is cleaﬂy related to the coIor of the cooked
fish, and is best described as a light- -dark dimension. Mack-
erel, a very dark-fleshed fish, appears at one end of this
dimension, while halibut, white-hake and- haddock, all very

" MACKEREL - . -

% HADDOCK

Fig. 1--Best-fitting 3-dimensional solution to the similarities data of

Experiment 1. Data were analyzed by ALSCAL-4 and the 3-dimen-
sfonal solution had a stress of 0.75.
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white-fleshed fish, appear at the other end. Pollock and
flounder, which are grayish in color, fall between these two
extremes, This light-dark- dimension has repeatedly been
found-to be one of the best discriminative ‘variables in
descriptive tests of fish conducted in out laboréton’y, and its
emergence as a prlmary sensory dimensmn is in agreement

_ with these data..

Dimension 2 in this space appears'to be a texturai dimen-
sion and is related to the perceived flakiness of the:fish,
Halibut; which appears as’one exireme on this dimension, is
a solid-muscle fish with little or no- flakiness. Mackerel is
also- lacking in appreciableé flakiness. Haddock, pollock and
white hake, on the other end of this dimension, are charac-
terized by a high degree of flakiness.

Dimension 3.appears to be related to the overall flavor
intensity of the fish, with mackerel loading-high on. this
dimension due to its high-oil content and correspondingly
strong fish-oil- flavor, and flounder and haddock appearing
at the other end, due to their mild flavor.’ The white hake
and poﬂock are of surpnsmgly similar magaitnde to. the
mackerel on this dimension. However, white hake has been
described . as possessing; a_characteristically. strong, “stale
fish”?.or-*earthy”’ flavor. and pollock may sometimes possess
an off-taste due to season of catch or feeding ground.
- Fig. -2—4 show- plots of- the derived subject weijghts for
each ‘panelist on each pair 'of the three dimensions. These
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Fig. Z—Denved subject weights for tfained {uncrrcled) and cansumer
feircfed} panelists on-Dimensions 1 and 2
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weights Tepresent the relative degree to which each panelist
used each perceptual dimension in making his judgement of
overall smulanty The uncircled letters in each plot represent
trained . panehsts the circled. letters represent consumer

panelists, If either group weighted one or more.dimensions
differently - from the:other -group,:then. the. individuals
within the groups would clusterin different segments of the
plots, The fact that they do not indicates that the trained
and--¢onsumet ‘panelists did’ not - differentially weight the
1mportance of atiy of the ‘three obtained-dimensions. The
impottant aspect of these data for the present discussion is
that the trained texture profile panelists did not place any
more weight: on the textural dimension of flakiness (Dlmen-
sion 2) than did the consumer panehsts

EXPERIMENT2 '

THE SECOND STUDY was desgned to assess the relation-
S_h.lp b_etween scalar judgements made by trained.and con-
sumer. panelists..on specific. textural attributes, This fask.is
considerably- more : complex' than  that of Experiment I,
requiring: that the panelist’ be able toidentify specific
textural attributes in the product. Thus, prior experience in
making such judgments may be more llkely to affect panehst
rafings.

Method .

Panels.” The “first” panel ‘was a ‘trained ‘texfure "profile panel,
similar to that used in Experimient 1, and comprised of six members.
Alhouph’' Experiment 2 was ‘conducted: approximately- 18-months
after: Experiment: 1, five:of the:six:fembers were the same: as-in
Experiment. 1. -In the 18- month interim, all panelists acquired
extensive -experience in, Judgmg the textura_l attributes of a. w;de
variety of fish. . .

The second panel was a consumer panal sumla: to that descnbed
in Experiment 1, but was cornposed of a diffesent random sample of
40 panehsts for each test ‘session. The selectmn ofa different sample
of consuiner for each ‘test séssion“was made to minimize the experi-
efice’ ‘that these ‘panelists 'would-acquire’ in-judging ‘the textural
attributes of- the :test: samples rover the course of the experiment.
AH of: the consumer panelists had prior experience in:using category
scales, but none had any known experience in. judging specific

_textural attributes of fish or.other seafood products.

Test simples Eighteen. species “of fish: Whmng (Merluccms
b:lmearzs}, Mackerel (Scomber scambms), White Hake (Urophyczs
tenls), Cusk (Brosme brosme), Morikfish (Lophzus americanus},
Pollock {Pollachius virens), Tilefish (Lopholatilis Chamealeonticeps),
Wolffish (Anaerchichas Ilupus), Striped Bass (Morone saxanhs}
Blackback. Flounder - {Pseudoplenronectes - americanus); Weakfish
(Cynoscion regalsi), Grouper fMycertoperca microlepis), Haddock
(Melanogrammus. aeglefinusj,-Halibut (Hippoglussus hippoglossus),
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Swordfish (Xiphias gladiusj, Cod (Gadus morhua) — Scrod and
market size, and  Biuefish -(Pomafomus saltatrix) setved as test
samples. All samples were purchased frésh locally as fillets, cut,
sealed in individual plastic cooking pouches, and cooked in a retort
to- an internal temperature’ of 160°F. Samples were presented to
panehsts in approximately 2-ounce servings. .. -

Procedure. Consumer tests were: conducted in the same: test
booths as in Experiment 1. and all tests involved the presentation
ofa smgle fish sample. At the start of each session consumer panelists
-were given a printed regponse sheet with written instructions for the
test. Panelists were asked to rate six separate textural attributes of
the fish. These were the “hardness,” “flakiness,” “chewiness,”
“fibTousness,” “Moistness,” and “oily” mouthcoatmg” of the fish.
In addition, each rated’ the visual attribute of “‘darkness™ and six
flavor attributes of the fish. Only the textural and visial atiributes
are discussed here, since flavor attributes were not evaluated by the
texture profile panel. All attributes were rated on a 7-point category
scale, “with end-points labeled .!slight™ (1) and “strong” (7). A
“none” category was also provided in the event that a panelist did
not-pérceive any of a given attribute in the sample. Neither defini-
tions of ‘the attributes nor demonstration of specific techniques for
judging the attributes were provided-to the'consumer. panelists.

Trained -panelists received the same samples as did the consumer
panelists, rated them on the same textural and visual attzibutes-and
used the same 7-point scale: Neither group of panelists were informed
about the species of fish being tested, and all panelists’ judgments
Wefe made independently of one ancther.

. Results

The mean tatings for ‘each attnbute and sample were
‘caléilated for egch ‘panel, In order to assess the relation-
-ship between. Judgments of the two panels, mean 1atings for
the: trained panel were regressed against mean ratings for
the consumier panel:for -each attribute. The slope-of-the
obtained tegression -equation reflects: the “rdte: of growth
of perceived miagnitude for the trained panel as"d function
of the’ percewed magmtude for ‘corisumer panelists. Thus, a
~ slopéless thin' 1.0 indicates that for each unit inérease in

perceived magmtude by consumers, a smaller increase was
perceived by.trained panelists.” A’ slope equal to 1,0 reflects
equivalent sensory. increases; and:a slope greater than. 1.0
" indicates:a mor¢1apid growth of percewed magmtude for
trained panelists: :
' Table 1 containsthe obtamed hnear regresswn equatlons
refating” irairied panel Judgments to consumer panel judg-
. ments for “each atfribute,. as’ well. as’ “the eorrespondmg
correlatlon coeff1c1ents and coeff1c1ents of determmatxon
for each .

Although the correlat;on coeff1c1ents are stat1stlcally
significant for six- of the seven attributes, indicating a signi-
" ficant degree of: linearity between judgments made by the
" two panels, the stopes (b) of the regression equations for

these gitributes are afl greater than 1.0, indicating that, for

all significantly correlated textural attnbutes a greater

range of perceptual differences were percewed in the
stimulus series by the trained panel than by the consumer
panel. The relative magnitudes of these slopes also give
information about the extent to which the range of percep-
tual differences are larger for trained versus consumer
panelists, with larger slopes reflecting larger differences in
ranges. The fact that the “‘darkness’ attribute was the only
significantly correlated attribute that had a slope close to
1.0, is evidence that the increased pérceptual range of
trained texturé profile panelisis is specific to textural
attributes and doss not extend to visual attributes. Although
the slope for “oily mouthcoating’” is less than 1.0, the
non-significant - correlation coefficient indicates that it
should not be considered meaningful. :

. EXPERIMENT 3

WHiLB THE DATA OBTAINED in Experiment 2 show
differences in the sensory ratings assigned by- trained and
consumer judges for fish samples; it is not clear whether

‘these effects on perceptual range are due to a general
heightened awareness and/for sensitivity to.these textural
attributes or whether the effects are (1) specific to. fish,
since the texture profile panel had been evaluating fish
samples for 18 months prior to the start of this experiment,
(2) specific to the use of a 7-point category scaling proce-
dure, which had also been used extensively by the trained
pan_el,_but not by consumers, or (3) simply due to differ-
ences between .consumers -and trained panelists in their
definitions of, or techniques for evaluating; these attributes.
To. determine . whether these factors contributed io the
obtained results,:the following experiment was conducted.

Method

Panels, The first panel wasa tramed texture prof]le panel s;mﬁar
to that used in Experiments 1.and 2. Eight members served in these
tests. Five.members participated in- Experiments 1 and 2, three did
not, The illness of one.member duzing one series of sessions, re-
duced the panel size to seven on these occasions. All panehsts had
prevmus experience in using the. method of magnitude estimation.

" The second ‘panel was a consumer panel similar to that described

i Experiments 1-and 2, and compnsed of 112 membeis. None of

these panelists had previous experience in judging textural attributes
of food, but all had previous expenenoe in usmg the method of
magnitude estimation.

Test samples. In order:to determme 1f the effects observed in
Experiment 2 were product-specific, a heterogereous group, of
commodities was chosen for testing. Samples were chosen from the
list of food items constituting the standard rating scales for mechan-
ical texture attributes (Szczesniak et al., 1963). Some substitutions
to these lists were made to compensate for current and local availa-
bility of items. The complete list of test items is shown in Table 2
for each standard scale.

Procedure. Six sessions were conducted in the same test booths
as in Experiment 1. Each session was devoted to the testing of 2
smgle textural attribute. The six. attributes were those of “hard-
ness,”” “viscosity,” ‘“adhesiveness,” “chewiness,” “gumIniness,”
and “fracturability.” At the start of each session all panelists were
given written instructions. In addition to containing a description
of the task, the instructions contained an operatmnal definition of
the attribute to be judged during that session. The definitions for
cach attribute appear in Table 3. After reading the instructions and
accompanying definition, each panelist was given demonstration
of the exact technique for judging the attribute, In addition, each
panelist was observed while he/she made one or more trial evalua-
tions using this technigue.

After this orientation session, panelists were directed to the test
booths to begin their evaluations. Panelists were allowed to keep the
writien -instructions and definitions of the attribites with them in
the booths and were encouraged to'refer to them. The above proce-
dures were all adopted to ensure, as best as possible, that consumers
were defining and evaluating each. textural attribute. in the.same
manner as trained panelists.

All samples to be rated on the particular attribute were presented
to panelists individually and in random order. After receiving the

. samples, panelists rated them using the method of modulus-free
magnitude estimation. This scaling method was chosen because

there were no differences between the two panels in their past

 Table 1—Regression equations, Fearson product-moment correlation

coefficients and coefficients of determination for the relationship
between trained and consumer panel judgments of texture and
appearance

Regression Correlation Coefficient

equation? coefficient  of detm
Flakiness T=242C—-5.33 0.77** 0.69
Hardness T=166C — 3.44 0.75*%* 0.57
Chewiness T=158C—2.14 0.84%* 0.71
Fibrousness T=152C - 0.06 0.72%* 0.52
Moisture T=079C — 062 053 0.28
Qily Mouthcoating T=1568C— 087 0.75%** 0.57
Darkness T=1.04C .'" 0.76 091** .82

2T = Trained Panel Ratings, C'= Consumer Panel Ratmgs : )
** p<0.01
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Table 2—Food items comprising the test ssmples used in Experiment 3

o Brand, type or ¢ Sample
Product . preparation Manufacturer C o size Temp
Hardness S .
Cream Cheese Philadelphia Kraft Foods %" cube . _45—55°F
Egg White hard-cooked i %" cube room.

. B-min. ) . )
Frankfurters farge, uncooked Hebrew Nat’i %" slice 50-65°F
Cheese. yellow, American, " Kraft Foods %" cube ) B0-65°F

pasteurized e
_— .. process S
Olives "Spanish, stuffed Durkee Famous 1 olive, cut room
' Foods placed back
K L to back
Peanuts . ~eocktail type in " Planters 1ot room
. vacuum tin _ Peanuts . . .
Carrots uncooked, fresh %" slice room
Peanut candy part Kraft Foods room
Brittle
“Hard Candy - Charms Charm Co.’ 1 piece room
Vidcasity - <
Water ... . . ... . distilled Co - % tsp . 45-85°F
‘Lightcream., . - . Sealtest Sealtest Foods | - . -  tsp . 45-8B°F
Heavy cream B Sealtest . .. Sealtest Foods™ .. .0 o . Bisp . . 45--55°F
Evaporated. .. ... . U Carmation Co. .. . . Ctsp . . 45-55°F
milk - .. - .o . .
Maple Syrup . . " Vermont Maid R.J. Reynolds % tsp 45-55°F
L ' ' Foods _
 Chocolate. Hershey Yetsp 45-55°F
Syrup Chocolate
) . Corp. - R A
" Mixture?. Borden Foods 2 % tsp . 46—58°F
1% cup Sealtest Foods: S o -
condensed . . . ... . o
mitk & Tthl | o
heavy cream - P DT T
Condensed milk . . Borden Foods D Vetsp . 45-55°F
Adhesiveness . D . . L .
Hydrogenated ° Crisco Proctor & Gamble.. - Ytsp. . 45_B5°F
" yegetable'ofl ' Co. . s S
American Cheese’ o . Kraft Foods ‘%" cibe "45-55°F
Cream Cheese Philadeiphia Kraft Foods = %" .cube © 45-86°F
Marshmallow . Fluff Durkeé-Mower .~ Yltsp. 45-55°F
topping _ s I : o
Peanut Butter Skippy, smooth Best Foods T tsp 45=BB°F
Chewiness RO . . s e
Rye bread fresh, center Arnold’s Bakin %" cube: room -
B Ceut - Co. - Lo
Frankfurter . large, uncooked Hebrew Naticnal 1" slice. - B0--70°F
~ .:skinless . . - - S EE .
Cherry Red Switzer Licorice Beatrice Foods . . .. . 1. piecé _‘room
candy Co. . S S
Black Crows Mason Candy Co. 1 piece room
candy '
Caramel candy Kraft Co. - 1 picce ‘room
Tootsie rolls midget size Sweets Co. of - - 1 piece’ room
: America’- : :
Gamminess : : A
40% flour Geold Medal General Mills 1ths. - roome
paste - g
45% flour Gold Medal General Mills 1 tbs., ‘room
paste _ _ e
50% flour: Gold Medat . General Mills 1 tbs. room
. paste i . . DR . S . L
55% flour - - -Gold Medal - General Mills Sitbsl - ‘room
paste . TR : N
60% flour Gold Medal - General Mitls 1 tbs, roort -
{continued)
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Table 2—-Continued

: Brand, type or - P Sampie . )
Product preparation Manufacturer . size ’ - Temp.
Fracturahility , .

Corn muffin Finast First Nat’l %" cube : room o
L ' Stores 5 e
Eggs Jumbos Stella D'Oro %" cube © rpom

BE Biscuit Co. L -
Graham Nabisco ~ National %" square . room
.crackers Biscuit Co. . : S
Metba Toast Devonsheer " square room

) Melba Corp. o
Rve Crisp Finn Crisp Vaasa Mills %" square room
! S Ltd : . o
Ginger snaps . Nabisco National %" square room

L . ' Biscuit Co.

Peanut brittle Candy part Kraft Foods %" square room

experience with this scaling technigue. Each sample was judged.. .

once, after which the panelist expectorated, rinsed with distilled

Table 3—Definitions of textural attributes used in Experiment 3

WatEI, and awaited the next sample. A 90-sec interstimulus interval Hardness The percewad force reqmred 10 COI’!]D!’ESS a sub—
was mai.ntained: _ stance between the molar teeth.

Data’ analysis. The magnitude estimation data were normalized Chewiness The total perceived work required to masticate a
(Stevens, 1971), and geometric means for trained and consumer - sample to reduce it to a cons|stency su:table for
panehsts were calculated for each test sample. The means obtained swalfowing.
from the trained panel for each item were regressed against the con-* Viscosity The perceived force required to draw a Ilcguwl frorn
sumer, panel means for these items in the same manner as descnbed a spoon over the tongue.
in Experiment 2 " Gumminess The perceived denseness that persists throdghout

Resilts

Tabie 4 'shoWs the obtained linear regression equaﬁ'é'ﬁs =
relatingtrained panel judgments to consumer panel judg- - -

ments for each attribute, as well as the corresponding
correlation coefficients and coefficients of determination
for each. All attributes were significantly correlated between
panels. The high coefficients of determination observed in
this éxperiment, as contrasted with Experiment 2, is Tikely
due to the much wider range of each textural attnbute
represented in the test stimuli of this experiment. The
limitéd range of each textural-attribute in the fish ‘samples
of Experiment 2, probably resulted in statistical restriction
of range, As was found in Experiment 2, the slopes (b) of

mastication; the perceived energy required to
reduce a semi-solid food to a state ready for
swallowing.

The perceived force required to remowve material
that adheres to the mouth (generally the palate)
during normal eating.

The perceived force with which a sample crumbies
cracks or shatters when a constant vertlcal force is
applied to it.

Adhesiveness

Fracturability

Table 4—Regression equations, Pearson product- moment r:arrelat.ran

coefficients and coefficients of determination for the relationship
between trained and consumer pane! Jjudgements of each texture

the equations in Table 4 are all greater than 1.0. Thus, for _ atiribute

all tested attributes, a greater range of perceptual differences K i .

were noted in the stimulus series by the trained panel than : ZGQE::%? (c:g;rfizit:;: Czi_fg::;fnnt

by the consumer panel. The fact that members of both b

panels had equivalent experience with the method” of HMardness T=2.45 C — 14.51 099+ 0.09

magnitude estimation supports-the conclusion that.these.. .- Chewiness T=245C— 3.14 0.00%* 0.09 .-

results are not due to differences in their experience with Fracturability T=1.07 C— :0.36 0.g8** 097 .

the scale type. Furthermore, since judgments of each attri- Gumminess T=1.43 C - 7.36 0gog** . -.087

bute were made on a heterogeneous series of food products, Viscosity T=1.32C~ 1.12 0.97** 095
Adhesiveness T=220C - 1285 D.a3** L0087

the results cannot be aftributed to differences in expefience -
with a particular food product. Lastly, since both consu-
mers and irained panelists used the same definitions and

techniques for evaluating these attributes, the differences

cannot. be due to differences in the sensory attributes.being.. . -
evaluated. Rather, the results appear to be due to differ- ..

ences beitween consumer and trained panelists in either
their awareness of, or sensitivity to, textural attributes,
resulting. from prior experience. in judging these attributes
in food, .

EXPEREMENT 4

THE FOURTH EXPERIMENT was designed to further
investigate the relationships between trained and consumer
panel judgments of texture by specifically comparing the

growth of perceived magnitude of textural attzibutes as a-.

fi_mction of objective measures of the test samples, These
data were collected as part of 2 more comprehensive study

2 T = Trained panel judgment; C = Consumer panel judgment -
** <0.01 ’

of the texture of Bread, which has been reported elsewhere
{Moskowitz et al., 1979a, b). From these data it was also
possible to assess the relationship between consumer and

" trained panel judgments of acéeptabitity.

Method

Panels. The first panel was the same trained texture profile panel
described in -Experiment 3, consisting of seven members for -this
series of tests. The second panel was 2 28-member consumer panel,
similar to that described in-Experiment 1 — 3, with most having had
experience in using the method-of magnitude estimation. However,

--to ensure that atl consumer panelists understood this scaling method,

an orientation session (see below) preceeded the test sessions.
—Continued on next page
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PERCEPTION OF TEXTURE . ..

Test samples. Twelve rye breads were made by varying the
percent ryve flour (12, 19.5, 27, 42%) and the percent sucrose (0,
3, 6%) in a complete factorial design. These variations produced
concomitant variations in the wheat flour level. All the breads also
contained 1.5% shortening, :1% table salt, 38.7% water, and 0.8%
yeast. The breads, in the form of 18-0z loaves, were baked in a
rotary oven at 425°F for 30 minutes and were stored frozen (0°C)
until used. Immediately prior to testing, the breads were removed
from storage and thawed to room temperature. Samples were then
tested with an Instron Universal Testing Machine to provide measures
of their rheological properties {modulus of: elasticity, hysteresis
loss, strain energy, and stress at 60% strain). Density and moisture
content were also detérmined.

Procedure. All consumers were given a 30-min orientation ses-
sion on the day before the test to refresh them with the method of
magnitude estimation and to give them practice in using this method
to rate non-food stimuli. During the test session, the consumers
rated each of the 12 samples of bread on each of ten textural
attributes defined by the expert panel: “denseness,” *“firmness,”
“cohesiveness,” “edse of particle zemoval,” “roughness,” “moist-
ness,” “cohesiveness during chewing,” “adhesiveness,” and “graini-
ness.” The definitions for each atfribute appear in Table 5. In addi-

ﬁon? both panels rated the breads for.overall liking.. Ma_gr_ljti;de_

Table 5—Definitions of textural attributes for bread used in Experi-
ment 4. Attributes are grouped into three categories: those which
are evaluated Initially and which invoive surface characteristics;
those evaluated upon first bite, using. the incisor teeth; and those
evaluated during mastication with the molar teeth

Surface
Ease of particle removal The perceived ease WIth which particles
{grains) can be removed from the surface of the sample, when
sliding the tangue over the cut surface.

Roughness — The perceived roug'ﬁ.r'\éss of the surface of the sample,
when sliding the tongue over the cut surface.

First Bite i
Firmness — The perceived force required to bite through the
sample.

Cohesiveness — The percenred degree to whech the sample holds
together upon bltmg

Penseness — The percelved degree to which the partlcles of bread
. are packed closely togsther, R

Mastication - .
Moistness — The perceived degree of moisture in the sample

Graininess — The number of grainy particles perce:ved in the
mouth during initial stages of chewing.

Chewiness — The perceived effort required to prepare the sample
to a state ready for swallowing.

Cohesiveness during chewing — The degree to which the sample
holds together as a single mass during chew:ng :

Adhes:veness - The perceived degree to which the sample sticks to
the teeth during chewing,

cstimates were collected for each product on all attributes from
both panels normalized to reduce interpanelist variability, panehst—
by-panelist (Moskowltz 1977), then averaged. .

Results

The multivariate relationships between ingredient leveis
and rheological measures, between ingredient levels and
trained panel ratings of specﬂ':c textural attributes, between
rheological measures and trained panel ratings, and between
consumer ratings of liking and both’ ingredient levels and
rheological measures have been reporiéd elsewhere (Mos-
kowitz, et al., 1979). Of interest here are the relationships
between trained and consumer panel judgments of specific
textural attributes and of liking. Because rheological mea-
sures were made on all test samples, a direct assessment and
comparison of the growth of perceived magnitude as a func-
tion of stimulus interisity was made. Sirnilarly, the relation-
ships between lking and the rheological measures for both
panels were also examined, .

Intercorrelation matrices. Table 6 shows the intercorrela-

. tion matrices among. sensory attributes for the trained and

consumer panels. The patterns of correlations are similar
for both panels. In particular the surface characteristics of
“ease of particle removal” and “roughness™ are positively
correlated with one another and negatively correlated with
all other attributes. “Firmness,”" “cohesiveness,” “dense-
ness,” and “adhesiveness” are all highly positively corre-
lated, while “moistness’ is only correlated with the de-
structive attributes - of “chewiness” and “cohesiveness
during chewing.” Of the total of 45 correlations, 19 were
significant for the frained panel and .24 were significant for
the consumer panel, suggestirig. somewhat more indepen-
dence of responding for trained panelists. '

Psychophysical functions, Although many of the cor-
relations between texture attributes were high for both
panels, such a situation could co-exist with a large absolute
difference between panels in intensity ratings or in their
rate of growth. Figures 5--12 show trained and consumer
panel judgments of firmness, cohesiveness, denseness, and
adhesiveness as a function of the modulus of -elasticity and
density of the breads, plotted in full logarithmic coordinates.
These particular sensory. and instrumental measures were
chosen because of their presumed relationships. with one’
another. Sensory attributes involving only surface charac-
teristics of the breads or involving evaluation of destructive
changes'in the breads during mastication were not deemed
theoretically appropriate for this analysis.

The equations describing the relationships in Figures 5&
12 are power functions of the form § = KI?, where § is the
perceived magnitude of the textural atfribute, I is the
physical magnitude of the rtheological property, n is the
exponent of the function and k is a constant of proportion-
ality. The value of n is of special interest, because-it is an
index of the rate of growth of perceived magnitude as a

’ “ —Textcontinued on page 11895

Table 6—FPearson product-moment correlatfon coefficients among afl pairs of sensory texture atiributes. The coeffrcrents on the left of each

cell are for the trained panel data. The coefficients on the right of each cell are for the consurner data

Cbhesiveness

Ease of
particie - | . S during
removal .. Roughness Firmness Cohesiveness Denseness . Adhesiveness Moistress Chewiness chewing "’
Roughness 087, oMx
Firmness —0.95*/—-0.384* —0.82*/-051 .
Cohesiveness ~0.92*/-0.87* -0891*/-061 0g1*/ 0.95*
Denseness —0.96*/-0.88* —094%*/-050 0.95%/ 0.go* 082*/ 096
Adhesiveness —0.73*/-077% - -DI72*/0b4" . 0.72*% 0L0*.. 0.74%/ 092~ 084 0.89=. . :
Moistness —041 /028 —0.46 /054 035 / 040 . . 030/ 047 051 / 036 057 / 066
Chewiness —068 /-0.82* —0.60 /064 069 f 092* 0.59 / 0.93* 0.78*/ 090* 0.71*/096* 0.77* 067
Cohesiveness
Buring Chewing —0.51 /~0.66 —057 /-0.76*7 030/ 0.71*. 046 / 0.77* 057 / 0.66 .66 / 0.79* 0.74%/ 074 064 / 087"
Graininess 0.4 / 066 085 / 0856 . —0.14 /060 —0.20 /0860 .22 /-057 022 /[~-064 050 /0656 044 /-0.77* 045 /079"

* P<0.01
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function of increasing physical magnitude. In all cases, n is
greater when the perceived magnitude is regressed against
bread density than when it is regressed against the modulus
of elasticity. This difference is due to the more restricted
range of densities among the breads,- as compared to the
greater range of moduli of elasticity. The Pearson corre-
lation coefficient between these two instrumental measures
was high (3=0.97; p<0.01). Of greater interest, however, is
the greater value of n noted for trained panelists. While the
value of n is often considered to be a constant, reflecting
physiclogical response properties of the receptor system,
differences in the-value ‘of n have been reported under a
variety of circumstances {Engen, 1956; Engen and Levy,
1958; Jones and Woskow, 1966; Poulton, 1968, Beck and
Shaw; 1965; Pradhan and Hoffman, 1963). In the present
study the larger value of n for trained panelists indicates a
greater ‘dynamic range of percewed intensities in this group
of panehsts than for consumers. This result parallels the
results found in Experiments 2 and 3, where the slopes of
the regression equations relating trained ;and consumer
‘panel judgments reflected: a greater range of perceived
intensities for the trained panelists. o

Pleasanitness functions. Fig. 13 and 14 show the relation-
ships of consumer and trained panel judgments of liking/

disliking with the same objective measures above. Linear '

regression equations relating these measures show a decline
in accéptability with increasing modulus of elasticity and/or
density for both groups. However, the rate of decline, as
reflected in the slope of the equation is greater for the
trained panelists. In addition, the coefficients of determina-
tion (r?) for the equdtions show;that the acceptability of
the bread is more closely associated with the modulus of
elasticity than with the density of the bread. Direct linéar
regression of trained panel-judgments of liking against
consumer panel judgments of liking resuited in the regres-
sion equation Ty, = 1.66 Cj, =°35.08 (r2 =0. 74), with the
slope of 1.66 reflecting a faster rate of change of liking Wlth
physical change in samples. o

DISCUSSION

TAKEN.. TOGETHER, the results ‘of these cxpenments
show clear differences: between consumer and trained panel
judgments of .the intensity of specific textural aftributes
and of liking, although no differences were observed between
ratings of the two panels on a similarities scaling; task. :
The fajlure to find differences between ratings of the two
panels on the similarities task was unexpected. If panelisis
are extracting specific features or attributes from the total
peicept in order to make estimates of stimulus similarity,

-it.would be expected.that the trained panelists would place
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ment 4.

-more weight on.the ‘fextural dimension of flakiness than
consumers. This was not the case. However, the data from
Experiments 2, 3 and 4 are clear in showing that the range
of percéptual magnitudes for a variety of textural attributes
is augmented in panelists who have undergone texture pro-
file training. One possible- explanation. of the failure to
observe such- differences in. the similarities scaling task is
that .the panelists are not operating in-an analytic or “fea-
ture extiracting’ mode" when judging similarities: That is,
they . are not cogmtlveiy aware of, and judsing, each attri-
bute independently.: Thus, the major advantages of analytic
training— commonahty of attrlbute definition and common-
dlity in procedure of evaluation -of a.-single attribute<is
lost; In the ‘case of flakiness of fish, for example; judg-
ment of this attribute by a-trained panelist, will be guided
by a specific pre-established definition of flakiness, such as

“the perceived force required to produce separation between
adjoining flakes within the muscle”, and a specific method
of evaluation, such. as, “by. manipulation of the muscle
between tongue and palate,”” However, in a similarities task,
the panelist neither considers each textural dimension of
the sample sequentially nor considers the specific definition
or method of evaluation for cach. As a result, the analytic
aspect is totally absent, and differences between trained
panelists- and consumers are not observed. Whether attri-
bute definifions and methods of evaluation become more
ingrained in frained panelists after many years of experi-
ence, so that training effects might appear in similarity
judgments after ten or 15 yr of continued practice is a
possibility. that deserves further examination with a long-
established panel,

1196—JOURNAL OF FOOD SCIENCE—Volume 47 (1982)

+20
i | L/D=-879ME+4335
* tPemoy
Lo '
04 S
: o=
R "
2 =10
o -
3 : :
@ *
8.=go : e E
@ m L/D=-20.89ME+59.88
v 7 e {r2=83)
=407 ' @ CONSUMER PANELISTS
i @ TRAINED PANELISTS .
g .
-90 u
T ..I. 3 - .I - l : T

] 2 3 4 5 6
- DENSITY :

Fig. 14—Consumer and trained pane.f“ rati}igs of fiking/d.;'sliking as a
function of bread dens:'ty_ for the bread data of Expériment 4.

The deference between consumer and tramed panel }udg-
ments of specific textural dimensions in these experiments
appedr to be the result of an increased, perceptual range for
textural attributes resulting from trammg and experience.
This' fiotion is” supported by the regression analyses of
Experiment 2:and 3, in which the slope of the regression
lines relating trained to consumer panel judgments were
greater than 1.0 for all judged attributes, This notion was
further supporied by the results of Experiment 4, in which
it was found that the exponents of the psychophys1cal
functions: relating .perceived. magnitude - to. underlying
rheological measures were greater for tralned panehsts on
all examined textural atizibutes, .7

These - results- parallel the results: of numerous. studles
tonducted over the. years.in a wide variety “of senosry
modalities, wh:zch have examined- the effects of experience
on ‘percéption. These” studies, many of which" have been
catalogued and: discussed. in: the text by Gibson (1969),
have demonstrated an’ Increased “ability” to discriminate
amohg sensory stimuli following repeated experience with a
specific stimulus or attributé domain. Examples.of guch
perceptnal learning in the food senses range from the ability
of experienced wine-tasters to differentiate wines made
from grapes of different vintage to the demonstration that
taste thresholds for compounds characteristic of the
four basic taste qualities can be significantly reduced by
training (Pangborn, 1959). In the case of the present
experiments, the experience that the trained panel had
received improved their ability to discriminate among
stimuli varying along given textural dimensions. This
improved discriminative ability was manifested in an overall
greater perceptual range of intensities for the stimulus series
examined in these experiments. In addition, the present
studies demonstrate the effect that such perceptual learning
can have on judgments of liking for a product. :

The observed difference between consumer and irained
panel judgments of liking for bread in Experiment 4 was



somewhat unexpected, since scaling of liking involves simul-
taneous assessment of all the sensory characteristics of a
product, in a manner similar to that for judging similarities.
Thus, differential training on one set of attributes, such as
texture, was not expected to affect overall judgments of
liking to any significant degree. Nevertheless, it was found
that liking decreased much more gquickly as a function of
increasing modulus of elasticity and bread density for
trained panelists than for consumer panelists. These results
are consistent with the notion.that trained panelists perceive
a greater range of textural intensitiés than consumer panelists
and that this exaggerates the perceptual effect of changes in
the modulus of elasticity and bread density, causing exag-
gerated effects on associated hiking. Thus, the differences in
acceptability between panelists provide an independent
source .of validating information for the differences observed
in response magnitudes of the underlying texture attributes,

Overall, these experiments demonstrate that trained and
consumer panel judgments of texture differ quantitatively,
due primarily to an expanded perceptual range (increased
discriminative ability) on the part of the trained panelists,
The fact that linear regression equations.between judgmenis
of the two types of panels account for up to 99% of the
variability among judgments (Table 4) means that predictive
relationships that take into account différences in percep-
tual ranges between the two groups, are possible. Data need
to be obiained on a wider sample of food products and
textures before the efflcacy of panei—mterchange can be
fully assessed. :
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